Candida species are the fourth most common cause of bloodstream infection, accounting for 8 to 15% of all nosocomial bloodstream infections in the United States (5, 8, 14) , and are associated with significant morbidity and an attributable mortality of up to 38% (7) . The incidence of candidemia is increasing due to a variety of factors, including iatrogenic immunosuppression, increasingly invasive technologies, and the use of broad-spectrum antibiotics (6, 11) . In addition, the epidemiology of candidemia is evolving, with greater representation of non-albicans Candida species (13, 16) .
Anidulafungin is a novel cyclic lipopeptide of the echinocandin class, with a spectrum of antifungal activity that includes Candida (all species, including strains resistant to azoles and amphotericin B) and Aspergillus spp. (12, 15) . Anidulafungin is not metabolized by the liver and is not eliminated in the urine, nor is it a substrate, inhibitor, or inducer of the enzymes in the cytochrome P450 system. No dosage adjustments appear to be required for patients with any degree of hepatic or renal insufficiency or for patients receiving concomitant medications (J. Dowell This phase 2 study was designed to evaluate the safety and efficacy of anidulafungin in patients with invasive candidiasis, including candidemia, and to identify the optimal dose of anidulafungin for such infections.
MATERIALS AND METHODS
The study protocol was reviewed and approved by the institutional review board of each institution prior to implementation. All patients provided written informed consent prior to study entry. Research was conducted according to good clinical practices and in compliance with the U.S. Code of Federal Regulations.
Adult patients Ն18 years of age with an expected survival of Ͼ72 h were considered for enrollment. Diagnostic criteria for invasive candidiasis were twofold: (i) blood or tissue sample culture positive for Candida and (ii) the presence of at least one sign or symptom of infection within 4 days prior to treatment initiation. Acceptable indicators included inflammation at the site of infection, elevated (Ͼ38.6°C on one occasion or Ͼ37.8°C on two occasions at least 4 h apart) or subnormal (Ͻ35.5°C once) body temperature, and systolic blood pressure of Ͻ100 or Ն30 mm Hg below baseline. Patients who had received therapeutic doses of antifungal therapy (defined as a cumulative dose greater than or equal to any of the following: 1.6 mg of amphotericin/kg of body weight or 10 mg of a lipid-based formulation/kg, 1,600 mg of fluconazole, 800 mg of itraconazole, 800 mg of ketoconazole, or 120 mg of caspofungin) within 7 days of enrollment were excluded from the study unless the patient had been designated a treatment failure on the prior therapy. Pregnant or lactating women were excluded from the study, as were patients with known hypersensitivity to echinocandin excipients.
Eligible patients were randomized equally (in blocks of three) via an interactive voice response system to one of three treatment arms: 50, 75, or 100 mg once daily. At each dose level, patients received a loading dose of twice the daily maintenance dose given as a single infusion on day 1. All infusions were to be given at a rate of 1 mg/min at the same time each day. Treatment continued for 2 weeks after resolution of the infection, and blood and tissue cultures were negative, or presumed to be negative if not obtainable, to a maximum of 42 days. Clinical signs and symptoms were assessed at baseline, daily during treatment, at the end of therapy (EOT), and at a follow-up (FU) visit 2 weeks after the EOT. Adverse events and concomitant medication use data were collected at each study visit. Hematology and clinical-chemistry parameters were examined periodically during treatment and at the EOT and FU visits. Blood cultures were performed on day 1, periodically as clinically indicated, and again at FU. Catheter management was at the discretion of the investigator.
The prospectively defined primary measure of efficacy was global response in evaluable (per protocol) patients at the FU visit. A successful global response required successful clinical and microbiological responses. A successful clinical response required resolution of signs and symptoms of infection and no need for additional antifungal therapy (cure) or, in order to allow for a switch to oral therapy (EOT only), significant improvement of signs and symptoms and the need for additional antifungal therapy (improvement). A successful microbiological response was defined as a negative culture from a normally sterile site that was previously positive for Candida (proven eradication) or inability to obtain cultures in a patient with a clinical response of success (presumed eradication). Secondary efficacy analyses included global response at EOT, as well as clinical response and microbiological response at EOT and FU. The evaluable population consisted of those patients with confirmed Candida infection who received at least 10 doses of study medication (or failed after Ն5 doses) and who were without protocol violations. Investigators assigned a clinical response of success (cure or improvement) or failure at EOT and FU; however, patients evaluated as having a response of failure at any earlier time were carried forward as failure at all later time points. Patients graded as clinically improved but requiring further antifungal therapy (i.e., other than anidulafungin) at EOT were no longer evaluable at FU. Patients with missing data or who were inevaluable were considered failures for an intent-to-treat (ITT) analysis. All safety analyses were performed on an ITT basis, i.e., including those patients receiving at least one dose of the study drug. In this phase 2 study, no formal statistical comparisons between treatment arms were planned for either efficacy or safety parameters. Only descriptive statistics are presented.
RESULTS

Patient disposition and analysis populations. Enrollment took place between August 2001 and November 2002 at 24
investigative sites in the United States. One-hundred twenty patients, 40 per treatment arm, received at least one dose of anidulafungin. (Table 1) . Sixty-eight (55%) patients completed the study. Of those patients not completing the study, the majority of withdrawals were due to the 33 fatalities.
The modified ITT (MITT) population consisted of 116 patients whose baseline cultures yielded at least one Candida species (Table 1) . Eighty-three patients were clinically evaluable at EOT, and 68 were clinically evaluable at FU. The reasons for nonevaluability included Ͻ10 days of treatment with anidulafungin (other than failure after Ն5 doses) (25 patients), use of additional antifungal therapy prior to the EOT or FU visit for a reason other than treatment failure (10 patients), and indeterminate clinical response, e.g., failure to return for either the EOT or FU visit (13 patients).
Characteristics of the study population. The baseline characteristics of the 120 patients in the ITT population are presented in Table 2 . The three dosage groups were generally well matched with respect to age, gender, and weight; however, patients in the 75-and 100-mg groups had higher APACHE II scores than those in the lowest-dosage group. Overall, ϳ25% of the study population had Acute Physiology and Chronic Health Evaluation (APACHE) II scores of Ն20. Diabetes mellitus was the single most common underlying medical condition.
The majority of patients (94%) were enrolled with candidemia. One patient had a prosthetic joint (hip) infection; no patients had endocarditis or endopthalmitis. Twelve (10%) patients qualified for the study based on a tissue sample positive for Candida, five (4%) of whom also presented with candidemia. Candida albicans, the most prevalent species, was isolated from 53% of the patients. However, C. glabrata was also prominent (31% of patients). Infections due to C. parapsilosis and C. tropicalis occurred less frequently (Table 3) . Ten 
a Patients who received at least 5 days of anidulafungin and had a clinical response of failure at EOT were not excluded from the evaluable populations. a 10 patients had multiple species isolated at baseline. There were 37, 40, and 39 members of the MITT population in the 50-, 75-, and 100-mg groups, respectively (total, 116).
patients presented with multiple species (nine patients with two species and one patient with three species). Of 47 patients with a central catheter or arterial line at the time of infection, 22 (46%) had the line removed or changed prior to receipt of the study drug.
The median numbers of anidulafungin doses administered per patient were 14.0, 15.0, and 14.0 in the three dosage groups (range, 2 to 61).
Global and clinical responses. At EOT and FU (the primary times of interest), there were trends toward higher success rates in the higher-dose groups than in the 50-mg-dose group (Table 4) . The percentage of patients with a successful clinical response mirrored the results for the global response. The difference in the numbers of patients in the evaluable population at EOT and FU is largely due to patients who were reported as improved but were placed on an oral antifungal agent (n ϭ 10) or had an indeterminate (e.g., lost to follow-up) clinical or microbiological response (n ϭ 5). At FU, all patients graded as clinical successes were cures, with the exception of one patient evaluated as improvement (50-mg group).
Microbiological response. Microbiological success rates at both EOT and FU also yielded higher success rates in the higher-dosage groups (Table 4) . Only two patients, one in the 50-mg group (C. krusei candidemia) and one in the 100-mg group (C. albicans and C. parapsilosis infection of hip prosthesis), had culture-proven persistent infection at the EOT visit. Seven additional patients had presumed persistent infection, two in the 50-mg group, one in the 75-mg group, and four in the 100-mg group. All but one of these presumed persistent infections represented a bloodstream infection. Only one patient (100-mg group) experienced a proven microbiologic recurrence of C. albicans infection between EOT and FU.
Safety analyses. Events considered to be related to treatment (according to investigator attribution) were reported by Յ2 (5%) patients in each dose group, with the exception of hypokalemia, reported by four (10%) patients in the 50-mg dose group (Table 5 ). The most common events, irrespective of relationship to treatment, were hypotension (13%), vomiting (13%), constipation (11%), nausea (11%), and pyrexia (11%). No dose-response relationship was observed for these or any other events.
Overall, 46% of the patients experienced at least one serious adverse event. Thirty-three (33) deaths occurred in the study, 12 in the 50-mg group, 10 in the 75-mg group, and 11 in the 100-mg group. Fourteen of the deaths occurred while the patients were on the study drug: four, four, and six, respectively, in the three study groups. The most commonly reported causes of death were cardiac arrest, multiorgan failure, and (nonfungal) sepsis, each occurring in four patients. Only three serious adverse events were reported as either probably or possibly related to treatment: a nonfatal, nonneutropenic fever with onset on day 11 and two episodes of seizure, both of which occurred in patients with complicated comorbid conditions.
No systemic infusion-related adverse reactions occurred following administration of Ͼ1,700 doses of anidulafungin. In addition, no anaphylactic reactions or hemolytic episodes occurred.
There was no dose-response relationship with respect to the appearance of adverse events, either overall or by severity, seriousness, or relationship to treatment. Analysis of laboratory values for hematology and serum chemistries did not reveal any areas of clinical concern or any dose-response relationships.
DISCUSSION
Until recently, chemotherapeutic options for the treatment of invasive candidiasis included agents associated with significant toxicity (1, 2, 3, 10) or which lacked activity against the full spectrum of Candida species (4, 11, 19) . In addition, the relatively constant attributable mortality rate of 30 to 40% associated with invasive candidiasis and candidemia is a major concern (7, 17, 18) . Therefore, there is a need for new, more efficacious, and safer antifungal agents (20) . The echinocandins have emerged as a novel class of antifungal agents with potential for comparable or superior antifungal efficacy and an improved safety profile.
The present study evaluated the safety and efficacy of anidulafungin, a new echinocandin, in patients diagnosed with candidemia and invasive candidiasis. Our study enrolled a repre- sentative sample of patients with candidemia. The distribution of baseline pathogens mirrored recent surveys of candidemia, with half of all isolates being non-albicans Candida species (13, 16) . Although patients in the two higher-dosage groups had higher APACHE II scores at baseline than those in the lowestdosage group, a higher success rate was observed in the higherdosage groups. However, there was no dose response with respect to adverse events, nor did systemic infusion reactions occur. The small sample size of this study precludes definitive conclusions comparing dosage groups, however.
The limitations of this study include the absence of a standard care comparator and of investigator blinding. In the absence of a comparator, or of a group of patients who did not receive antifungal therapy, we cannot be sure that the responses obtained are not due solely to other factors, such as catheter removal or supportive care. However, the efficacy of anidulafungin in the 100-mg dosage group of patients appears to be as high or higher than that observed in other recent trials using caspofungin, amphotericin B, and/or fluconazole (9, 17, 18) . In a similar population, caspofungin yielded an 81% success rate among patients evaluable for analysis (9) . Larger studies will be needed to explore differences in response rates by species, since, as for other echinocandins, higher MICs are observed for C. parapsilosis than for other species (12) .
Anidulafungin was well tolerated in this population of patients with significant underlying medical conditions and comorbidities.
The encouraging results of this trial are the first reported for anidulafungin in invasive Candida infection. Randomized, controlled phase 3 studies of the 100-mg dosage regimen are warranted for this indication to confirm these results.
